Anti-virus agent 

The present invention pertains to an anti- virus kgent acting against single stranded RNA (-) 
viruses. In particular, the present invention relates to an anti- virus agent containing a 
construct comprising a nucleotide sequends capable to direct the synthesis of the 
complementary strand and a gene encoding a t^ xin operably linked to a regulon, wherein the 



10 gene encoding the toxin is invertedly orientec 



pertains to the use of said anti-virus agent f )r preparing a medicament for ti-eating Mral 
diseases. 



Single sti"anded RNA (-t) viruses are positi- 
propagation in a host cell. The viruses of that 
of enzymes encoded by the vims itself, 
polymerase (RdRp). In most cases said RdRA 
proteins, which do not form part of the virion. 



;-strand viruses with no DNA stage during 
group multiply their genomic RNA by means 
ginerically designated RNA-dependent RKA- 
a complex of so called non-str-ucurral (NS) 



This enzyme complex of NS-proteins recogni 
RNA (termed UTR), which are generally 
genome, each, and effects the synthesis of the 
single stranded (+) RNA (Eldand et al., N: 
complex also accounts for the synthesis of 
response to the double stranded RNA, the 
strand formed (Bartenschlager et al., J. Gen. 



in the construct. The present invention also 



:es untranslated sequences/regions of the viral 
lolated at the 5" and/or tiie 3' end of the virai 
;omplementary strand, i.e. the (-) strand) of the 
.ture 382 (19S6), 373-376). hi addition, this 
;|nultip}e copies of the genomdc viral RNA i:; 
di plex of the sense (+) and antisense (~) RNA- 
\tr. 71 (2000), 1497-1505). 
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One of the most prominent members of such ss(+)RNA-viruses is the hepatitis virus several 
subgroups of which have been found until nc w. Hepatitis C virus (HCV), the most cominon 
type, is a positive-stranded, enveloped vims v hich is evolutionarily related to the flaviviruscs 



and pestiviruses. The HCV genome consists of a 
reading frame (ORF) of between 9030 and 9099 
genome has been reported to contain a short 
finding has, however, not yet been confinned li 
5'-UTR have been reported to exhibit negjtive 
expression. 



The RdRp- complex of HCV has been found to 
nucleotides in the 3' UTR which functions 
10 complementary strand (the (-) strand) and eventjiially 



The hepatitis C virus group is responsible for it 
non-A, non-B hepatitis may be caused by man> 
The infection is transmitted through blood 
15 drug usage, renal organ transplant, and mat 
outbreaks of hepatitis are caused by HCV. 



5'-untranslated region (5'-UTR), a long open 
nucleotides and a 3 -UTR. The 3' end of the 
stretch of poly(A) in type I strains, which 
type II-j III- or IV-sti-ains- Sequences in the 
Q-anslational control over viral gene- 



interact with a region of between 27 and 45 
a structural clue for the initiation of the 
viral genomic replication. 



ost cases of non-A, non-B hepatitis. Althougli 
different viruses, the principal cause is HCA'. 
tij^fusion, percutaneous infusion from illicit 
-neonatal transfer. Up to 20% of sporadic 



The association of hepatitis C virus in posttrai sfUsion hepatitis (>95% of tlie cases) and the- 
subsequent observation that infection with th s vims, more so than with hepatitis B virus. 

patocellular carcinoma and liver cirrhosis has 
of the viral genes. 



20 correlates strongly with the development of h< 
led to an intense study of the molecular biologl 

So far, there is no potent medication available 



for a treatment of viral diseases brought about 
by ss(-i-)RNA viruses, such as the e.g. the fotjt and mouth disease or the Dengue fever. For 
hepatitis brought about by HCV a known herapy involves the administration of dmgs 
containing IFN-a and/or IFN-y. However, th : administration of the drugs on their own did 
not prove to be very effective and also a co; tibmed application of both substances did no: 
produce the desired results (Samuel et al., Vin logy 130 (19S3), 474-4S4). 



30 Therefore, there exists a sttong need in the irt for a substantive remedy for ti-eating viva! 
diseases brought about by ss(+)RKA-vkuses, iuch as the HCV. 
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Hence, an object of the present invention resid- ;s in providing such means for treating viral 
diseases brought about by ss(+)RNA- viruses. 

This problem has been solved by providing an aili- virus agent, directed against single stranded 
(+) RNA viruses, comprising tire following conibonents (A) and (B), wherein component (A) 
is a nucleotide sequence directing the synthesis of the complementary sti'and of the single 
stranded (+) RNA virus, and wherein componffint (B) is a nucleotide sequence containmg at 
least a regulatory region operably linked to | structural gene encoding a toxin, with the 



nucleotide sequence encoding the toxin being 
the (+)-strand (sense-strand). 



According to another preferred embodinaent 
untranslated region of a ss(+)RNA virus, such 
Dengue virus, unclassified flaviviridae, Rul 
dianiioea virus, swine fever vii-us, footh and 
preferred embodiment said component (A) is c 
part thereof. 



= 20 According to another preferred embodimen 
I Dalgamo sequence or the internal ribosomal I 
poliovims vaccine strain Sabin 2. 



the regulatory region comprises a Shine- 
inding site (IRBS) of the genomic RNA of the 



The toxin may be any toxin that exhibits a Ll|50 
body weight and that is accepted for use in i; 
plants (c£ CDC Final Rules). According to a ] 
the group comprising the diphtheria exotoxii 
Shigella toxin or the Disenteria neurotoxin. 



30 The anti- virus agent according to tiie present 
medicament for treating a viral disease, whi 



iented in an inverted direction with respect to 



;omponent (A) is derived from the 5'- or 3'- 
•S the hepatitis vims type B, C, D and or E, the 
virus. Yellow fever virus, bovine vhal 
^aouth disease virus. According to yet another 
erived from the 3'-UTR of the HCV or from a 



for vertebrates of not more than 100 ng/kg 
i^idividuals, such as humans or animals or even 
referred embodiment the toxin is selected from 
tlie A-subunit of the diphtheria exotoxin, ihc 



nvention may be used for the manufacture of a 
)h disease may by caused by a hepatitis viius 



:lassified flaviviridae, Rubella virus, Yellow 
:a \mxs, swine fever virus, footh and mouth 



type A, B, C, D and or E, the Dengue virus, un 
fever virus. Dengue virus, bovine viral dianiio 
disease virus. 

In the figures. 



Fig. 1 schematically shows the principle of conatiiicting a genetic anti-virus; and 



Fig, 2 schematically shows the structui'e of a GAPr. 



During the extensive studies leading to the ilvention the present inventor has designed i 
novel concept for treating viral diseases brougl|t about by ss(+)RNA-virases, which has been 
termed the Genetic Antiviral Programm (GAP 



In this respect the present invention pro-' 
components (A) and (B). Component (A) is 
synthesis of a second, strand, which is compl 



Since in most of the ss(+)RNA-viruses know i so far these sequences are located in the 5'- 



and/or 3'-untranslated regions of the virus, the ;< 
preferred sequences to be incorporated mto 
nucleotide sequences may be derived from 
nucleotide sequences may be applied as long 
the polymerase complex of the virus to b 
preferably derived from the ss(+)RNA viru; 
ensures a synthesis of the (-) strand only in the 



hi the case of the HCV this component (A) is 
of between 27 and 45 nucleotides in the 3'-L 
clue for the initiation of the complementary (- 



.des a construct that comprises two mam 
a nucleotide sequence that brings about the 
imentary to the sense strand of the constiuct. 



le sequences or functional parts thereof are ihe 
the construct. It will be appreciated that the 
the virus to be treated, but that also other 
; s they enable the syntliesis of the (-) strand by 
treated- This nucleotide sequence is mosi 
to be treated, since such a construct safe!\- 
presence of the vims itself. 



preferably the 3'-UTR or the nucleotide stretch 
TR which is known to function as a stmctural 
i-sfrand. 



Component (B) contains two constituents. 



regulatory region and a nucleotide sequence 



encoding a toxin. 



The regulatory region is designed to initiate tljje translation of the gene encoding the toxin 
and is therefore operably linked thereto. Sue i regulon may be any nucleotide sequence 
blown to effect such initiation of translation Ind is preferably a regulon derived from rhc 
individual to be treated, such as the Shine Dalsamo sequence or the toxin used. In the latter 
case the regulon constitutes an integral part of the nucleotide encoding the toxin. However. 



ti-anslation may also be effected by means o 
internal ribosomal binding site (IRBS) of tiie § 



10 Sabin 2. According to a prefen-ed embodimer t the regulon contains a translation initiation 



sequence used by tlie virus to be treated itself, 
the polypeptide in cells that are not infected by 

The second constituent of component (B) is 
the construct this nucleotide sequence is ms 
direction of the (+)-strand (tlie sense strand) 



so as to safeguard an unwanted ti-anslation of 
the virus. 

lucleotide sequence encoding a toxin, Yet, on 
ertedly oriented, i.e. inverse to the 5' 3' 
of the construct, so that upon an unwanted 



formation of a RNA molecule from the constr ict in a host cell, again the sense strand of the 



construct is foraied (with the toxin being arra 
give rise to a gene product, that is a toxin poh 



However, when the construct enters a cell, wl 
infected cell, component (A) on the construci 
provided by the virus in the cell, that the (+) 
(-)RNA strand, which the will also multiply 
construct now formed the nucleotide enco 
translation into a polypeptide, with the effect 
kill the cell. Since the formation of the (-) I 



viral ribosomal binding sites, such as ttic 
enomic RNA of the poliovirus vaccine strain 



iged in the inverse dhection), which does not 
leptide. 



.ch harbors a ss(+)RNA virus, that is enters an 
will ensure, together with the RdRp complex 
■and of the construct will be transcribed into a 

within the cell. On this (-)KNA strand of the 
ig a toxin is in a direction, enabling its 

hat the toxin formed in the cell will eventually 

NA strand of the construct will only occur ui 



cells infected by a virus, i.e. in cells that con ain the RdRp- complex, the anti-virus agent of 
the present invention provides for a selective 1 illing of infected cells. 

In order to provide a proper formation of the 



■) RNA strand of the construct, said component 



(A) needs to be airanged such, that the (-) sm 
synthesized in the cell, will contain both the r< 
the toxin.. E.g. component (A) may be Ioj 
downstream of the regulon. Likewise, coi 
component (B), yet in a distance, that the RNA 
(A) will still be part thereof. This may be achielj 
to component (B) or by modifying the nucleo" 
such that a long transcript which \vill include C( 



.d, and likewise the multiple copies thereof 
^lon and the nucleotide sequence encodmg 
Lted upstream of the component (B), bin 
ponent (A) may be located downstream 

Lolecule formed by means of said componeni 
'ed, e.g. by locating component (A) adjacent 
ide sequence downstream of component (B'l 

iponent (A) will be fomied. 



The toxin may be any toxin that is capable to k 
to common standards such toxins shall exhibit 
ng/kg body weight and shall be accepted for us 
even plants (cf. CDC Final Rules). Examples mr preferred toxins are the diphthejia exotoxin, 
the A-subunit of the diphtheria exotoxin, the Shilella toxin or the Disenteria neurotoxin. 



11 tlie cell, in which ii is produced. According 
a LD50 for vertebrates of not more than 1 00 
in individuals, such as humans or animals or 



The construct as such may be any DNA- or R]WA-sequence, such as plasmid vectors or viral 
vectors. Examples for these vectors are e.g. p 21 (Promega), pCMV-6, pCDMS, pcDNA 1. 
(In vitro gene) etc.. 



20 To bring the construct into a host cell the 

administered to the patient. Such galenic fortjlis 
applications, nasal instillation, peroral drug 
micro-encapsulated preparates, or inclusion in 

25 In order to provide an improved stability o 



degradation the nucleotides may also be prese it in a modified form, which the skilled person 
may provide based on his own technical sk 11. Examples for such stabilization means arc 
capping, methylation or using analogs to the c iinmon nucleotides. 



net is brought in a suitable galenic form and 
include solutions for injections or subcutan 
forms, encapsuation in liposomes, targeted 
a viral genome 

the construct versus enzymatic or chemical 
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As mentioned above, when the constmct en 
treated, the nucleotide sequence downstream i 



ers a cell in the body of the individual to be 
>f the promoter maybe transcribed by means of 



cellular enzymes into a UNA molecule thaT harbors the toxin m antisense direction 
(component (B)) and component (A)), Yet, siijce said RNA molecule is subject to normal 
degradaiive processes in the cell it will disappelr with the time. However, in case a vims (tu 
be treated) is present in the said cell, this vims will provide for the RdRp-complex capable to 
effect synthesis of the (')-strand of the (+) strajjid of the construct, or of any RNA molecule 
comprising said component (A), 



Hence, in the latter case a RNA molecule wil] be formed that now contains the nucleotide 
sequence encoding the toxin in a correct reading direction and consequently the toxin will be 
synthesized in the cell, eventually killing the ce 1. 



hi consequence, the present invention provide 
virus (to be treated), since only in those cells 
sense direction for its translation into a polypeiitide, 
'Strand comprising the gene encoding the 
damage to uninfected cells will occur. 



for a selective killing of cells infected by a 
le "antisense-toxin" will be transcribed in the 
In virus-free cells no formation of the (- ) 
in sense-direction is present, so that no 



Witliout wishing to be bound by any theory it is presently also believed that in the process of 
dying, parts of the infected cell may beco ne part of the virions, which includes the 



incorporation one or more copies of of the mu 
to other cells to be infected. Hence, the pres< 



tiplied construct into the virion and its transfer 
Lt construct may not only selectively kill ceils 



infected by the viruses but also provides a transfer to additional cells that are infected. 



Therefore, the present invention provides the 
25 of cells infected with ss(+)KNA-containing v: 
inserted into the cell either as DNA, when it 
introduced after its transcription, and also as 
construct is not capable of forming the toxii i 
makes tlie present system safe. Fourth, the 
30 host cell, so that minimal doses may be 



Following advantages. First, a selective killmy 
ises takes place. Second, the construct can be 
part of a vector plasmid, or as RNA, when ic is 
a result of an earlier multiplication. Third, the 
vwthout the viral enzymatic apparams whici: 
c instruct is capable of multiplication within the 
to the individual. 



The following examples illustrate the invention without limiting it thereto. 



Example 1 

Construction of the vector 

The GAPr snTictiire as shown in Fig. 2 and limited 
Not I and Sif I, is comprised of 2 parts. The 
sequence of the genomic RNA of the vaccine- 
pan, by the ORF for the A-subunit of the diphtl 



The GAPr was inserted after the subcloning o 



heat-resistant polymerase Pfu II having a proolreading activity) on the genomic RNA mani.x 



taken from a (+)ssRNA-containing virus (in 



he case of HCV, a patient's blood was the 



source of the genomic RNA). One of the cDl JA was obtained from the first 2.8 kb of the 
genomic RNA, including the 5'-UTR and the frame encoding strucmral protems. The othei 



was talcen from the 3'-UTR. The ti^eatment of 
above restriction endonucleases leads to a po: 



bacteriophage ligase. The GAPr® was clone 1 in reverse orientation relative to structural 



proteins ORF. The resulting constructs can 



3e built into any of the following plasmids' 



polylinker; pCI® (Proega), pCMVB® (Invitro rene), andpcDNA3.1® (Clonetech), 



DNA plasmids pCLvRNAncv^'GAPr) were in 
the help of the transformation with Transfectija® 
10^ ceils). The transformed cells were selected 
serum and geneticin (0.5 mg/ml). The (G41 
determine HCV-specific antigens, RKA SRNi 



24-72 hours after the electroporation UCf- 
diphtheria toxin, started to be detected in G4 18^ 
signs of death of the G418'^ cells fiom the 
72 hour or longer (up to 14 days). In 14 days 



by the sites for restriction endonuclease? 
regulatory part is represented by the IR£S 
■ ;h-ain Sabhi 2 polio virus (PV), its sti'ucturai 
eria exotoxin with an inserted stop-codon. 



the two cDNAs obtained by RT-PCR (with 



iie amplification products and GAPr with the 
sibility of their linkage in a reaction with T4- 



roduced into tlie cells of the HepG2 line wnh 
method (frequency 2,550-1,200 clones per 
in the medium RPMI 1640 with 10% fetal crdi 
S^) geneticin-resistant clones were used to 
HCV and GAPr. 



■specific antigens and RNA, and also the 
^ cells. It was shown that no morphological 
ion of diphtheria toxin were noted either after 
HCV-like particles containing SRNAhcv were 



detected in the G418 cells culture medium, 
expressing NS-proteins (the HepG2NS line) tur 
in which the G418''" cells were cultured, dissolved 

5 Example 2 



HCV- "antivirus" was used as antiviral RNA 
thennopolymerase Pwo II, 2 oligonucleotid p] 

1 0 5'-TAATACGATTCACTATAGGGAATTCC 
5 '-TTC ACGCAGAAAGCGTCTA-3 ' 



and the plasmid pCI:: DNA mahix (SKNA 
transcription by the T7 bacteriophage RNA-po! 
the cells of the HepG2NS line by electroi [oration. 24 hours after electroporation the 



The human hepatocarcinoma cells HepG2 
;d out to be highly sensitive to the medium 
up to the titer of 1 : 1 ,600. 



Amplification was achieved via PGR with 
lers 

.CAGCTGGGCGG-A-3' 



""^•:GAPr). The amplicon was used for its 
ymerase. The RNA obtained was inserted into 



diphtheria toxin could be detected in the cells 



course of 48-52 hours after the electroporation and continued to be detected during 120 
hours. 



In 6 hours, HCV-specific antigens and SRNA 
in the cells. The toxin itself could be detectep 
cell desn'uction were detected 28 hours after 
SRNhcv were detected in the HepG2NS-liae 
non-tracted HepG2Ns-Hne cells appeared to 
porated cells had been culmi-ed, dissolved up 1 



The first diphtlieria toxin was detected in the 



- icv, and the diphtheria toxin could be detected 
by ELISA. Obvious morphological signs of 
ilectroporation, HCV-like particles containing 
porated cell culture medium in 14 days. The 
be highly sensitive to the medium m which 
the titer of 1:100. 



